INTRODUCTION
Lumpy skin disease (LSD) is a viral disease affecting cattle, caused by one serotype of lumpy skin disease virus (LSDV) which belongs to the family Poxviridae, genus Capripoxvirus, characterized by nodules on the skin and other parts of the body. Transmission is primarily by biting insects (vector) and to a lesser extent through direct contact between animals (Animal Disease Information Summaries, not dated).
LSD is endemic in African countries, but unusually, from 2012, the disease reached the Middle East. In 2013, the disease spread in Turkey, and by May 2015, the disease reached the East Thrace area (European Food Safety Authority (EFSA), 2017). In August 2015, for the first time, LSD reached Greece near the border area with Turkey.
In the following year, this disease spread into Bulgaria, Macedonia, Albania, Serbia and Montenegro (Animal Disease Information Summaries, not dated).
The goal of the study was to identified space-time disease clusters in the Balkan Peninsula by applying a permutation model of the space-time scan statistic on the past outbreak data from the first notification for the following 24 months.
MATERIALS AND METHODS

Study area and period
All countries from the Balkan Peninsula which reported LSD outbreaks were included i.e. Greece, Bulgaria, Macedonia, Albania, Serbia and Montenegro from August 2015 to July 2017.
Data sources
Freely downloaded data from the Global Animal Disease Information System (EMPRES-i) of the Food and Agriculture Organization (FAO) (EMPRES-i -Global Animal Disease Information System, not dated) were used for the purpose of spacetime disease cluster analysis. Scanning for clusters was done with SaTScan v 9.4.4 free software (SaTScan -Software for the spatial, temporal, and space-time scan statistics, not dated) using the Space-Time Permutation model which requires only case data with information about the spatial location and time for each case, but does not need information about controls or risk factors for the background population (Kulldorff, 2006) . Visualisation of the disease clusters and municipalities was made in an open source geographic information system-Quantum GIS (Welcome to the QGIS project!, not dated). Country-level data were used from freely downloaded spatial data DIVA-GIS (DIVA-GIS | free, simple & effective, not dated).
For space-time cluster analysis, several parameters were set: Maximum temporal cluster size was set at up to 50 % of the study period (Kulldorff, 2006) ; maximum size of the spatial window for a cluster was set at up to a 20 km radius which is the maximum distance according to the assumption that most LSD occurs over a relatively small distance, in agreement with the vector-borne pattern of LSDV (EFSA, 2017) ; significance of the clusters was evaluated with Monte Carlo simulation which was set as the default in section inference with a maximum number of 999 replications, under the null hypothesis of random distribution; the time aggregation period was set at up to a 7-day block.
A space-time scan statistic is defined by a cylindrical window with a circular (or elliptic) geographic base and with a height corresponding to time (Kulldorff, 2006) .
RESULTS
From August 2015 to July 2017, six countries in the Balkans reported a total of 1,757 outbreaks and 3,139 cases. Albania reported the most (n=858, 48.8%) and Montenegro the fewest (n=63, 3.6%) outbreaks.
Overall, 76 disease clusters, among which 62 were significant (p<0.05) and 14 were non-significant ( Figure 1 , Table 1 ) were identified. The first cluster was identified in Alexandroupoli, Greece, in August 2015, with a radius of 19.9 km and the last one in June 2017, in the region of Velabisht, Albania, with a radius of less than 1 km ( Figure 1 , Table 1 ).
Correlations, using Pearson's coefficient of correlation, between the radius of the spatial window and the number of outbreaks or observed cases were 0.57 (p<0.001) and 0.40 (p<0.001), respectively. Correlations using Pearson's coefficient of correlation, between duration of the outbreak (in days), the number of outbreaks or observed cases, and the radius of the spatial window were 0.41 (p<0.001), 0.46 (p<0.001) and 0.48 (p<0.001), respectively.
Distribution of the clusters per month showed that in 2015, 10 clusters with a monthly peak in October (n=5, 50%) were identified, 57 clusters occurred in 2016 with a monthly peak in July (n=15, 26.3%), and 9 clusters were determined in 2017 (up to July) with a peak in May (n=3, 3.3%) (Figures 1, 2) .
From autumn 2016 to the middle of summer 2017, no clear seasonal clustering pattern was observed, with skewed clusters detected in almost all months and a moderate peak in May 2017 (Figure 2 ).
Disease clusters which comprised the highest number of outbreaks were identified near border areas: Serbia-Bulgaria-Macedonia (cluster number 28), Macedonia-SerbiaBulgaria (cluster number 25), Albania-Macedonia (cluster number 46), Greece-Turkey (cluster number 1) (Figure 1 , Table 1 ). Cluster numbers 68 to 76 in the period from January to July 2017 were located in Albania and one cluster, number 70, occurred on the island of Corfu (Figure 1 , Table 1 ). 
DISCUSSION
This study focused on applying a space-time permutation model to past outbreak LSD data in the Balkan Peninsula in the 24 months after these data were first notified. Space-time cluster analysis is a valuable method to examine how spatial patterns change over time (Banu et al., 2012) . Most of the identified clusters were observed in Greece and Albania, and therefore, both countries could be regarded as higher risk areas for LSD (Figure 1 ).
The results in the current study regarding the location of clusters, with highest numbers of outbreaks being near border areas, are similar to another study in the Balkans (Mercier et al., 2017) . In that study, LSD transmission hot spots were mainly located in the border areas and the observation was in line with assumptions about the influence of vaccination campaigns on the spread of the disease (Mercier et al., 2017) .
Moderate positive correlations were observed between the radius of spatial windows and numbers of both outbreaks and observed cases, indicating that increasing the geographical area captured more outbreaks as well as observed cases. Because of possible under-reporting, both the radius of spatial windows and the location of clusters are probably unstable.
Moderate positive correlations were also found between duration (days) and numbers of outbreaks or observed cases, and radius of the spatial window, which could indicate that with increasing time, new outbreaks and cases occurred in the cluster zones.
The measure of association obtained using Pearson's coefficient of linear correlation does not imply causation, nor point out the significance of clusters. Values of observed/expected higher than 1 indicate there were more outbreaks within a cluster than expected if the disease was evenly distributed in time and in space (Iglesias et al., 2010) .
Monthly peaks were observed in October 2015, July 2016 and May 2017 (data were up to July), which implies that each year, peaks were probably earlier due to the control measures implemented by veterinary services. Vaccination campaigns, after introduction of the virus to a country, must have strongly influenced the spread of the virus, as such campaigns are the most effective option for controlling the spread of LSD (EFSA, 2016) . A faster spread of LSDV in 2016 (Mercier et al., 2017) , capturing Bulgaria, Macedonia, Albania, Serbia and Montenegro, was probably caused by dissemination of infection vectors by wind (Mercier et al., 2017) . In addition, other control measures such as movement control inside the country, stamping out or modified stamping out, desinsection, zoning, surveillance (Animal Health -Regulatory Committee -presentations -Food Safety -European Commission, not dated), and re-vaccination campaigns in cattle in 2017 probably helped to avoid re-emergence and further spread of LSDV.
In the current analysis, the biggest peak of disease clustering was observed at the end of spring and summer 2016 in the months May, June and July, with a monthly peak in July. This was similar to other studies in the Nile Delta, Egypt, showing that outbreaks peaked in June, July and August 2015 (Abdelgawad, 2017) or in Turkey from July to November 2014 (Turan et al., 2017) .
The centre of a spatial window which was located in a municipality or region does not imply that the entire territory was involved in the disease cluster, and larger clusters captured neighbouring areas as well. Rather, the techniques used were a methodology to locate administrative regions, because the most of the veterinary inspection services are organized according to municipality competence.
CONCLUSION
Our results emphasized two characteristics of LSD epidemiology in the Balkans: geographical regions where LSD had increased incidence and the times when this occurred.
Our findings do not oblige national authorities to follow these results but suggest areas which could be used by policymakers to formulate disease surveillance strategies as well as allocate resources and guide epidemiological emergency efforts and preparedness in neighbouring LSDV-free countries. Future research should focus on the investigation of climatic and ecological determinants of LSD in clustered areas.
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